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Plasticity in life-history traits 
of Plantago major L. ssp. pleiosperma Pilger
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Summary. Plasticity in life-history characteristics was inves­
tigated in three popula t ions  o f  Plantago major L. ssp. 
pleiosperma (Pilger), a self-compatible, wind pollinated spe­
cies with a high self-fertilization rate. The popula t ions  s tud ­
ied were selected for their m arked  differences in biomass 
accumulat ion  and hab i ta t  characteristics such as nutrient 
availability and interspecific interaction. Plants, raised from 
seeds collected at three sites, were grown in a greenhouse 
at three nutr ient levels. In addit ion, a reciprocal t ransplan t  
experiment was carried out. In both experiments variances 
in variables o f  growth and reproduction  were largely due 
to environmental  factors. Besides this overall result, p o p u la ­
tion and popula t ion  x environm ent interaction effects ex­
isted for most o f  the variables. Differences in plasticity be­
tween popula t ions  were further analysed. In the greenhouse 
experiment plants from a river-side popula t ion  showed a 
high degree o f  plasticity in reproductive effort, whereas 
plants from two o ther  populat ions ,  one series from a beach 
plain and the o ther  from a salt meadow, showed a high 
degree o f  plasticity in shoot-roo t  ratio. Plasticity in biomass 
allocation to either vegetative or  generative parts  is sug­
gested to be an im por tan t  response to selective forces re­
lated to either interspecific competi t ion or temporal  vari­
ability.
Life-history traits such as growth rate, precocity, rep roduc­
tive effort as well as the phenotypic  plasticity o f  these traits 
are subject to na tura l  selection (Bradshaw 1965, Stearns 
1977, Lacey et al. 1983). Therefore, life-history traits o f  an 
organism may be related to characteristics o f  the habitat .  
Knowledge o f  this relationship is fundamental  for under­
s tanding the adap t ion  o f  organisms to their environment.  
In this respect it is im por tan t  to question whether variation 
in life-history traits between popula t ions  is based on genetic 
differentiation or induced by the environment.
Phenotypic  plasticity (Bradshaw 1965) can be studied 
in experiments on plants o f  a single genotype, e.g. inbred 
lines, or  can otherwise be approx im ated  in experiments on 
plants  grown from seeds sampled in the popula t ion  (e.g. 
Antonovics  and  Primack 1982, Blom 1983). This last m e th ­
od was also used in the experiments described in this paper.
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Plantago major L. is a self-compatible wind poll inator  with 
a high self-fertilization rate (Van Dijk 1984). This suggests 
that genetic variation within popula t ions  is low. Inbred lines 
o f  four popula t ions  o f  P. major were studied by Kuiper 
(1982, 1983), who in water-culture experiments d e m o n ­
strated tha t  physiological characteristics, such as ion-stimu- 
lated ATP-ase activity and root respiration o f  plants o f  
P. major ssp. pleiosperma Pilger could be adjusted better 
than  plants o f  P. major ssp. major to a change in mineral 
nutrition. Poorter  and Lambers (in prep.) suggest that  this 
high phenotypic plasticity o f  plants o f  P. major ssp. pleio­
sperma is related to a greater competitive ability for n u ­
trients in an artificially fluctuating environment.
In the present study both  growth and reproduction  were 
examined in three popula t ions  o f  P. major ssp. pleiosperma, 
a subspecies o f  ruderal habitats  (M olgaard  1976). Given 
the evidence of  phenotypic plasticity o f  P. major ssp. 
pleiosperma in water culture (Kuiper  1982, 1983) it was 
hypothesized that  differences in growth rate and generative 
development between the populat ions  o f  P. major ssp. 
pleiosperma are determined by environmental  factors, r a th ­
er than by genetic differentiation. This hypothesis was 
tested both  in a greenhouse experiment,  with different levels 
o f  mineral nutri t ion as well as in a reciprocal t ransp lan ta ­
tion experiment o f  plants in natural habitats.  Three p o p u la ­
tions which differed markedly in biomass accumulat ion  and 
habita t  characteristics, were selected.
Materials and methods
Study sites
The investigated popula t ions  are located in the N e the r­
lands: popula t ion  Angeren, situated in the centre o f  the 
Netherlands  on the banks o f  the river Rhine, and two p o p u ­
lations 12 km apar t  on the south-west coast, one at Oost- 
voornse Meer and the o ther  at Kwade Hoek. A survey 
o f  allozyme variation in these three popula t ions  was made 
by K. W olff  (unpublished results). Frequencies o f  alleles 
specific to the subspecies correspond with frequencies de­
scribed by Van Dijk and  Van Delden (1981) for subspecies 
pleiosperma. N utr ien t  levels o f  the soil and measures o f  
some life-history characteristics in the field are summarized 
in Table 1.
The study site Angeren is a frequently inundated  sandy 
river bank, moderately  grazed by cattle. C om pared  to the 
o ther  sites, the soil is quite rich in total phosphate .  Higher
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Table 1. E s t im a te s  o f  n u t r ie n t  levels (soil 0 - 1 5  cm ) a n d  m e a s u r e ­
m e n ts  (m e a n s  ± S . D . ,  n =  9 -2 3 )  o f  g ro w th  a n d  r e p ro d u c t io n  o f  
p lan ts  o f  P. major ssp. pleiosperma  a t  th ree  s tu d y  sites. Soil s am p les  
were  t a k e n  in Ju ly  1983 a n d  a n a ly se d  a f te r  T ro c l s t r a  ct al. (1981). 
R ela t ive  g ro w th  ra tes  o f  the  s h o o t s  were  ca lcu la ted  f rom  es t im a tes  
o f  the  b io m a ss  a t  m o n th ly  in te rva ls  be tw een  31 J u n e  a n d  28 A u g u s t  
(A n g e ren )  a n d  20 A pri l  a n d  26 A u g u s t  (O o s tv o o r n s e  M e e r  a n d  
K w a d e  H o e k )  in 1983
A n g e ren O o s tv o o r n s e
M eer
K w a d e
H o ek
Soil p H  — H 20 8.0 8.3 7.2
Soil o r g .m a t t e r  ( % ) 2.4 1.3 26.4
Soil to t .N  ( g - m  2) 200 115 710
Soil to t .P  ( g -m  " 2) 190 42 73
Soil Cl (E q  i r T 2) 6.4 1.1 21.0
R G R  s h o o t  (g/g d ry )
0.069
± 0.021
0.021
± 0 . 0 0 6
0.023
± 0 .0 0 8
d ry  w eigh t  f ru c t i fe ro us  p lan ts
s h o o t ( g )
0.81 
+  0.68
0.07
± 0 . 0 9
0.56
± 0 . 4 0
spike  +  scape  (g)
0.76
± 1 . 4 9
0.02
± 0.01
0.29
± 0 . 1 8
plant cover is low ( ±  30% ) and the individual plants, having 
an annual  life form, are characterized by rapid growth and  
reproduction.
The Oostvoornse  Meer site is a former beach plain, em ­
banked in 1965. In winter it is frequently inundated  by 
rain water. The soil is low in total nitrogen and total phos­
phate  and there is virtually no grazing. The vegetation is 
species-rich. Higher plant cover is low ( ± 3 0 % ) .  Plants, 
mostly short-lived perennials, are characterized by a low 
growth rate and a low biomass.
The K w ade  Hoek site is a  salt meadow, extensively 
grazed by cattle and occasionally flooded by sea water  in 
winter. The soil is rich in organic matter .  Level o f  total 
phosphate  is intermediate and  levels o f  total nitrogen and 
chloride are high, com pared  with the o ther  sites. The veg­
etation is dense and highly productive. At this site the plants  
o f  P. major spp. pleiosperma have perennial life forms.
In 1981 and 1982 seeds were collected from several 
plants at the study sites.
Greenhouse experiment
On 29 April 1983 ten seeds were sown per pot (0.75 1) in 
silver-sand. F o r  each popula t ion  72 pots were used. At the 
start o f  the experiment three different nutrient levels were 
created with a 1/2 H oagland  solution (Sm akm an  and Hof- 
stra 1982). The am o u n t  o f  minerals is indicated by the 
am o u n t  o f  H oag land  solution supplied per pot:  t reatment 
L(ow), no supply; t rea tment I(ntermediate),  0.24 1; and 
trea tm ent H(igh), 0.48 1. Soil moisture was kept at 20 per 
cent by weight. Day tem perature  was abou t  25° C and night 
tem pera ture  abou t  20° C.
After seedling emergence the num ber  o f  plants was ra n ­
domly reduced to one per pot. On days 20, 34 and  48 after 
sowing, six plants o f  each trea tm ent  were harvested. Fresh 
weights and dry weights (24 h at 70° C) o f  shoot,  root,  
and, if present, spike +  scape were determined. The numbers  
o f  plants flowering on day 48 after sowing, were counted. 
After each harvest the remaining plants received an am o u n t  
o f  H oag land  solution, which com pensated  for the uptake 
o f  minerals by the plants. U p tak e  o f  minerals was estimated
by multiplying the dry weight o f  the harvested shoot and 
root by their N content (estimated to be 3500- and 
3000 mmol N /kg  dry weight, respectively, on the basis o f  
separate experiments). The remaining plants were harvested 
when they were reproductively mature,  at 91 days ( t rea t­
ment I and H) and 119 days ( trea tm ent L) after sowing. 
The following variables were measured:  fresh and dry 
weights o f  the leaves, o f  spikes +  scapes, and o f  roots, leaf 
area, weight and num ber  o f  m ature  seeds produced by each 
individual plant.
Leaf  material was analysed for concentra t ions  o f  K, 
H 2P 0 4 and N orp as described by Troelstra  (1983). Shoot- 
root ratio was com puted  as fresh weight o f  leaves per fresh 
weight o f  roots. Reproductive effort was com puted  as dry 
weight o f  seeds per dry weight o f  leaves and roots.
On each harvest date  num bers  were assigned random ly  
to all individual plants  o f  each popula t ion  and treatment.  
Relative growth rates were com puted  by linear regression 
on time series o f  log-transformed biomasses o f  the shoot 
of  harvested plants o f  corresponding  numbers.
Reciprocal transplant experiments
Seeds o f  the popula t ions  investigated were sown in moist 
dune sand in the greenhouse;  temperatures  were as m en ­
tioned above. When abou t  15 days old, the seedlings were 
exposed to ou tdoors  condit ions  for several days before be­
ing planted in the field. The plants were random ly  selected 
and transplanted  into the three study sites; 48 seedlings 
o f  each popula t ion  were planted alternately in a grid at 
Angeren and, 72 both  at O ostvoornse  Meer and Kwade 
Hoek. The shortest distance between the plants was 0.10 m. 
The average shoot dry weight o f  the seedlings ( n =  10) at 
the time o f  t ransp lan t ing  was for the popula t ion  Angeren 
0.8 mg (S.D. 0.5), Oostvoornse  Meer 1.5 mg (S.D. 0.3) and 
Kwade Hoek 2.0 mg (S.D. 1.0). The  plants were t rans­
planted on 31 M ay 1983 at O ostvoornse  Meer and  on 
1 June  at K wade Hoek. Because o f  inundat ion  o f  the banks  
o f  the river Rhine the afore-mentioned seedlings could not 
be used at the Angeren t ransp lan t  site. Seedlings o f  a new, 
identical preculture were planted at Angeren on 5 July.
Every fortnight biomass o f  shoots  o f  all individual 
plants  was estimated by multiplying the num ber  o f  leaves 
(N) by the length (L) and  the width (W) o f  the largest 
leaf. The correlation between the dry weight o f  the shoot 
and the product  N *L *W  was determined in a separate  ex­
periment. The regression coefficient and  the correlation co ­
efficient were for popula t ion  Angeren 0.15 and  0.951 (n =
21, P<  0.0001), for popula t ion  O ostvoornse  Meer 0.15 and 
0.879 ( / /=  14, P<  0.0001) and  for popu la t ion  K wade Hoek 
0.12 and  0.932 (/? =  31, P<  0.0001). The plants  with spikes 
were counted between 20 and 22 September 1983. The 
spikes were all harvested and the dry weights o f  both spikes 
and seeds were determined. D a ta  o f  plants  which had died 
during  the experiment were excluded from determining vari­
ables o f  growth and reproduction.  The num ber  o f  plants 
o f  each popula t ion  that  survived at a site was at least 14.
Statistical an a I vs is
wr
D ata  were processed on the C Y B E R  170/76 o f  the State 
University o f  G roningen  using S.P.S.S. subp rog ram  M A N -  
OVA (Nie and Hull 1981). Tests for polynomial trends were 
based on the e rror  mean squares o f  the whole analysis o f
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variance (d.f. =45) .  Differences in polynomial coefficients 
between popula t ions  were examined by means o f  t-tests. 
Because o f  s imultaneous com parisons  over three p o p u la ­
tions, in these t-tests 99 per cent confidence limits were 
considered, employing the Bonferroni inequality (Miller 
1981).
Results
Greenhouse experimen t
Figure 1 shows the results obta ined in the greenhouse exper­
iment;  a statistical analysis o f  the effects o f  mineral nutr ient  
supply and  popula t ion  is summarized  in Table 2. At the 
end o f  the experiment variances o f  the dry weight o f  the 
shoot,  R .G .R .  o f  the shoots,  dry weight o f  seeds, rep roduc­
tive effort (dry weight o f  seeds per dry weight o f  plant), 
and the num ber  of  seeds, were mainly due to the nutrient 
supply. Besides this, variance com ponen ts  due to p o p u la ­
tion and interaction o f  nutr ient  supply x  popula t ion  were 
also present for most o f  the variables denoting  vegetative 
and generative development.  Variance o f  the R .G .R .  o f  the 
shoots  was explained by the supply o f  the nutrients  only. 
With respect to dry weight and  num ber  o f  seeds the variance 
com ponen ts  due to popu la t ion  and the two-way interaction 
were very small. C on tra ry  to this, the im portance  o f  p o p u la ­
tion in explaining variance was relatively large for shoot- 
root ratio, leaf-area ratio and  specific seed weight.
In order  to investigate the popula t ion  specificity o f  vari­
ation induced by mineral nutrient supply, polynomial 
trends in nutr i t ion  were studied within each popula t ion  sep­
arately. The linear coefficients are presented in Table 2. 
Variables having a significant com ponen t  o f  variance for 
nutrient supply x  popula t ion  interaction were selected for 
these trend analyses. The dry weight o f  the shoot o f  plants 
o f  the salt m eadow  popula t ion  K w ade  Hoek was most 
strongly influenced by nutrient supply (Fig. 1). The linear 
coefficient o f  this variable differed significantly between 
popula t ion  Kwade Hoek and the o ther  populations.  Shoot- 
root ratios were very low for plants  from the Angeren p o p u ­
lation (Fig. 1) and  did not differ significantly between t rea t­
ments, whereas shoo t-roo t  ratios o f  both  Oostvoornse  Meer 
and Kwade Hoek plants  were quite strongly influenced by 
the nutr ient  supply (Table 2). In contras t  to plants o f  other 
popula t ions  leaf-area ratios o f  K w ade Hoek plants differed 
significantly between treatments.  The plants o f  this saltmea- 
dow popula t ion  had lower leaf-area ratios when the n u ­
trient supply was high than when it was low (Fig. 1). N u ­
trient supply effects on the reproductive effort differed sig­
nificantly between the three populations.  The linear coeffi­
cient o f  trend in nutr ient supply was highest in the case 
o f  Angeren plants  (Table 2). W hen the nutr ient  supply was 
low these riverside plants  invested a very low propor t ion  
o f  biomass in seed production ,  whereas the reproductive 
effort was more  than  0.6 at the high nutr ient  supply (Fig. 1). 
Reproductive  effort o f  plants from popula t ion  K wade 
Hoek was influenced less by nutrient supply than  that  o f  
the o ther  populations.  Fo r  these sa l t-meadow plants this 
ratio was lower for all t rea tm ents  than  tha t  o f  Oostvoornse  
Meer plants. With regard to the num ber  o f  seeds, the plants 
from popula t ion  Angeren were also most strongly in­
fluenced by nutr ient  supply, the num ber  o f  seeds ranging 
from almost zero to 16,000 per plant. Specific seed weight
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Fig. I. T h e  effect o f  the  m in e ra l  n u t r ie n t  level in s i lve r-sand  on  
vege ta t ive  a n d  g en e ra t iv e  d e v e lo p m e n t  o f  p la n ts  f ro m  th ree  p o p u l a ­
t ions  ( A N G  A n g e re n ,  O M  O o s tv o o r n s e  M ee r  a n d  K H  K w a d e  
H o e k )  o f  Plantago major ssp. pleiosperma. M e a n s  ( +  S D ,  // =  6) 
rep re sen t  fully r e p ro d u c t iv e  p la n ts  a t  91 ( t r e a tm e n t  I a n d  H) o r  
119 d a y s  ( t r e a tm e n t  L) a f te r  sow ing .  L  Low , no  H o a g l a n d  so lu t io n  
s u p p l ie d ;  I In te rm e d ia te ,  0 .24 ml a n d  H  H igh ,  0.48 ml H o a g la n d  
so lu t io n  a d d e d
of  plants from popula t ion  Angeren was lowest for all t rea t­
ments (Fig. 1, Table  2).
Seed production  o f  all plants was determined at full 
maturi ty ,  but during the experiment there were differences 
in precocity, between treatments  as well as populations.  
On day 48 after sowing all plants o f  the three popula t ions  
with a high nutr ient  supply {lowered. At the intermediate 
nutr i t ion level 5 plants (42%) from popula t ion  Angeren, 
12 plants (100%) from popula t ion  Oostvoornse  Meer and 
no plants from popula t ion  K wade Hoek flowered on day 
48. At this intermediate trea tm ent the frequencies o f  flower­
ing differed between popula t ions  (C h i2 =  24.3; d . f  =  2, P<
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Table 2. Effect o f  m in e ra l  n u t r i e n t  supp ly  on  vege ta t ive  a n d  g ene ra t iv e  d e v e lo p m e n t  o f  p la n ts  o f  th ree  p o p u la t io n s  o f  Plantago major 
ssp. pleiosperma  g ro w n  in the  g re en h o u se .  A na lys is  o f  va r iance .  C o m p o n e n t s  o f  v a r ia n c e  (sum  o f  sq u a re s )  a re  given as p r o p o r t i o n  
o f  to ta l  v a r ia n c e  (1 0 0 % ) .  In te ra c t io n  o f  n u t r i t io n  x p o p u l a t i o n  was p a r t i t io n e d  in a t r e n d  analysis .  T es ts  fo r  t r e n d s  w ere  based  on  
the  e r r o r  m e a n  sq u a re s  (d.f. = 4 5 )  o f  the  w ho le  ex p e r im e n t .  L in e a r  coeff ic ien ts  fo l lowed by the s a m e  le t ter  a re  n o t  s ign if ican t ly  d if fe ren t  
( t- test)
D e p e n d e n t  va r iab le C o m p o n e n t s  o f  v a r ian ce  
In d e p e n d e n t  var iab les
T re n d  ana lyses  
L in e a r  coeff ic ien ts
N u t r i t i o n P o p u la t io n T w o -w a y
in te ra c t io n s
A n g e ren O o s tv o o r n s e
M eer
K w a d e
H o e k
Vegetatiue development
d ry  w eigh t  o f  sh o o ts  1 88.9*** 7.8***  ^ * Q 29 a * * * 0 .3 0 a *** 0 4 i h * * *
R G R  (sh o o ts ) 9Q 9 * * * 1 .5 ns 1.5 ns — - -
S h o o t - r o o t  ra t io  (fresh w eigh t) 44 *** ^ * * * 13.8*** 0 .0 6 a ns Q  b  * * * Q 4 7 b * * *
L ea f -a rea  r a t io  1 8.5* 30 .3*** 1 1.5* 0.03 a ns - 0 . 0 4  a b ns — 0 .0 9 b ***
Generative development
d ry  weight  o f  seeds 1 çy 1 *** 0 .2 * j j *** 0 .3 1 a *** q  2 8 ° * * * O  2 9 a * * *
r e p ro d u c t iv e  e f fo r t 77.0*** 8.6 *** ^ *** Q ¿p a * * * Q  ^ j  h  *  *  * Q  j  Q  C *  *  *
n u m b e r  o f  seeds 1 c p  o * * * 0 .7** -)-ƒ*** 0 7 0 a * * * 0 . 5 6 b*** 0 . 5 6 b***
specific seed w eight j * * * 25.6*** 1 .0 ns — ---- ----
ns n o t  s ign if ican t
* P < 0 . 0 5  
** P < 0.01 
*** P < 0.001
1 A nalys is  w as  p e r fo rm e d  a f te r  log t r a n s f o r m a t io n
-  100 -
s®
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Fig. 2. Surv ival  o f  p lan ts  f rom  three  p o p u la t io n s  o f  Plantago major 
ssp. pleiosperma  in a rec ip roca l  t r a n s p la n t  ex p e r im en t .  S tu d y  sites 
a rc  ind ica ted  as A N G  A n g e ren ,  O M  O o s tv o o r n s e  M eer ,  K H  K w a d e  
H o ek .  Surv ival  was  d e te rm in e d  a f te r  79 (site A n g e re n ,  /; =  48 p lan ts  
pe r  p o p u la t io n )  o r  112 days  (sites O o s tv o o r n s e  M eer  a n d  K w a d e  
H o e k ,  n = 12 p lan ts  pe r  p o p u la t io n )
0.001). At the lowest nutrient level no plants flowered on 
day 48.
Concentra t ions  of  K, H 2P 0 4 and N orp in leaf material 
were determined to investigate which nutrient was the limit­
ing factor. In all leaves concentra t ions  o f  H 2P 0 4 were less 
than 30 m eq-kg~  1 d.m., which may be considered extreme­
ly low com pared  to results o f  analyses o f  collected field 
material,  ranging from 60 to 168 m e q - k g _1 d.m. (Troelstra 
et al. 1983). Conten ts  o f  K, ranging from 561 to 1062 meq- 
kg 1 d.m., and  N ranging from 822 to 1263 m m ol-kg - 1
d.m., did not differ from plants sampled in the field (Troel­
stra et al. 1983, Troelstra  pers.comm.).
Reciprocal transplant experiment
The p ropor t ion  o f  t ransplanted  plants w'hich survived d u r ­
ing the experiment, depended on the study site (Fig. 2,
C h i2 =  46.5, d.f. =  2, P < 0.001). Survival was highest at A n ­
geren and lowest at K wade Hoek. Angeren plants showed 
a higher survival rate in their own hab i ta t  than at the coas t ­
al sites (C h i2 =  39.26, d.f. — 1, P<  0.001). At K wade Hoek 
only 19% (14 plants) o f  this popu la t ion  w'as still alive after 
113 days. Differences in survival rate o f  plants o f  p o p u la ­
tions Oostvoornse  Meer and K w ade  Hoek at  the sites O o s t ­
voornse Meer and Kwade Hoek were not significant.
D a ta  o f  vegetative and generative development o f  t rans­
planted plants are presented in Fig. 3 and statistics are su m ­
marized in Table 3. Variances in the dry weight and  in the 
relative growth rate o f  the shoot w;ere mainly explained 
by the study site. On the sandy river bank  of  site Angeren 
the biomass o f  plants o f  all popula t ions  was highest, in 
spite o f  being transplanted  late in the season. C om ponen ts  
o f  variance due to the popula t ion  and the two-way in terac­
tion were small or absent.
At Angeren plants o f  all popula t ions  had flowered and 
set seed at the end o f  the experiment. At this river-side 
flowering frequencies differed between popula t ions  (C h i2 =  
8.5, d f  = 2, P <0 .05) .  Popula t ion  O ostvoornse  Meer had 
the highest p ropor t ion  o f  plants that  flowered (61%), while 
popula t ion  Kw'ade Hoek had the lowest (19%). At the 
Oostvoornse  Meer and Kwade Hoek sites only plants o f  
popula t ion  Oostvoornse  Meer flowered (38 and 13%, re­
spectively). A bou t  7% of  the total variance in production 
of  spikes and seeds at site Angeren was due to the p o p u la ­
tion (Table 3).
Discussion
Selective forces which lead to the evolution o f  life-history 
traits may be investigated in studies on variation between 
(Stearns 1977) or  within (e.g. Schmitt  1983) populations.  
Following the first approach ,  in a greenhouse experiment
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Fig. 3. V egeta t ive  a n d  genera t ive  
d e v e lo p m e n t  in a rec ip roca l  t r a n s p la n t  
ex p e r im e n t  w ith  p lan ts  f rom  three  
p o p u la t io n s  in to  th ree  sites (A N G  
A n g e re n ,  O M  O o s tv o o r n s e  M ce r  an d  
K H  K w a d e  H o e k )  o f  Plant ago major ssp 
pleiosperma. M e a n s  ( ±  S D ,  14 <  n <  46) 
a re  rep resen ted
Table 3. V egeta t ive  a n d  g en e ra t ive  d e v e lo p m e n t  in a rec ip roca l  
t r a n s p la n t  e x p e r im e n t  w ith  p la n ts  o f  th ree  p o p u la t io n s  o f  Plant ago 
major ssp. p le io sp e rm a .  R esu l ts  o f  a tw o -w a y  (dry  w eigh t  o f  sh o o ts  
a n d  R G R  o f  sh o o ts )  a n d  a o n e -w a y  ana lys is  o f  v a r ia n c e  (d ry  weight  
o f  sp ikes  a n d  seeds). C o m p o n e n t s  o f  v a r ian ce  (sum  o f  sq ua res )  
a re  given as p r o p o r t i o n  o f  to ta l  v a r ia n c e  (1 0 0 % ) .  D a ta  o f  p lan ts  
w hich  d ied  d u r in g  the ex p e r im e n t  were  exc luded
D e p e n d e n t  va r iab le
Site
In d e p e n d e n t
va r iab les
p o p u la t io n
tw o -w ay
in te r ­
ac t ion
D ry  w eight  o f  s h o o t s 3 84.6*** 1.3*** 0.8 ***
R G R  (shoo ts ) ->7 q *** ">  ^** 2.1 ns
D ry  w eigh t  o f  s p ik e s a — 7.0* —
D ry  w eigh t  o f  s e e d s a — 7.7* —
ns n o t  s ignif icant
* P < 0 .05 ;  ** Z^cO.Ol; *** Z><0.001 
a A nalys is  w as  p e r fo rm e d  a f te r  log t r a n s f o r m a t io n
with three different popula t ions  o f  P. major ssp. pleiosperma 
vegetative and generative development were strongly af­
fected by the supply o f  nutrients. Besides this overall result, 
most o f  the variables showed popula t ion  and nutr ient  sup­
ply x popu la t ion  effects. These interactions may reflect dif­
ferences in plasticity between populations.  Fo r  example, 
shoo t- roo t  ratios o f  plants o f  both the nu tr ien t-poor  beach 
plain Oostvoornse  Meer and the salt m eadow K w ade  Hoek 
depended strongly on nutrient supply, whereas the t rea t­
ments made no difference to the shoot-roo t  ratios o f  plants 
of  the river bank at Angeren. The high am o u n t  o f  variation 
in shoot-root  ratios o f  plants  o f  Oostvoornse  Meer and 
the constancy in this ratio for Angeren plants are rem ark ­
able. According to Chapin  (1980), species from nutrient-  
poor  habita ts  normally  dem onstra te  less phenotypic plastic­
ity in shoot-root  ratios than species from nutrient rich hab i­
tats. Obviously, this generalization does not fit between- 
popula t ion  variation in plasticity for shoot-root  ratios in 
Plantago major ssp. pleiosperma. C on tra ry  to plants o f  the 
o ther  popula t ions  nutrient supply had the greatest effect 
on reproductive effort o f  plants from the river-side. At the 
low nutrient level plants o f  popula t ion  Angeren produced 
almost no seeds, whereas at the high level about  60% ot 
plant biomass was invested in seed production.  This high 
percentage corresponds to m axim um  values mentioned by 
Soule and W erner (1981 ) in a review of  reproductive efforts 
o f  13 species. Even under nutrient rich conditions the rep ro ­
ductive effort o f  plants from the salt-meadow Kwade Hoek 
were low.
In the reciprocal t ransplant  experiment variances in ve­
getative and generative development also depended mainly 
on the environment,  i.e. the study site. Nevertheless, in this 
field experiment, too, there are indications that plants o f  
the populat ions  under study differ in plasticity, e.g. in the 
survival o f  transplants  and in precocity. Only plants o f  p o p ­
ulation Oostvoornse  Meer produced seeds at all study sites.
The overall pattern o f  relative importance o f  the envi­
ronm ent  in determining differences in life-history charac ter­
istics, which was found in the present experiments as has
'been hypothesized, is in accordance with the high am o u n t  
o f  phenotypic plasticity in a whole set o f  physiological cha r ­
acteristics reported by Kuiper  (1982, 1983) for P. major ssp. 
pleiosperma grown in culture solution.
Besides, the present results dem onstra ted  a variety in 
degree o f  phenotypic plasticity in some life-history charac ­
teristics between P. major ssp. pleiosperma popula t ions  
which may be related to differences in natura l  habitats. 
Plants from the nutr ient rich, frequently inundated  river 
bank at Angeren showed a higher plasticity in reproductive 
effort. H ickm an  (1975) and Primack and Antonovics (1981) 
also reported high plasticity in reproductive allocation in 
plants from harsh, open environments.  On the contrary,  
plants from popula t ions  Oostvoorne  Meer and Kvvade 
Hoek, both  with (short-lived) perennial life histories, exhibit 
a higher degree of  plasticity in shoot-root  ratio. In these 
environments  in which competit ion from neighbouring 
plants is an im portan t  aspect, plasticity in patterns  o f  b io­
mass distribution to shoot and roots may be o f  adaptive 
value. By changing shoot-root  ratios a plant may adjust 
its ability to compete either for light or  for nutrients in 
the process of  vegetation development and thus consolidate 
its pre-reproductive development.
The plasticity in reproductive effort o f  plants o f  the 
nutr ien t-poor  beach plain populat ion Oostvoornse  Meer is 
intermediate between that o f  plants from popula t ions  A ng­
eren and K wade Hoek. In this popula t ion  selection for early 
flowering and high reproductive efforts, may have been pos­
sible even when the nutrient supply was limited.
The results o f  this study dem onstra te  a variety in degree 
o f  phenotypic plasticity in life-history characteristics in 
P. major ssp. pleiosperma popula t ions  from different sites. 
It is suggested that phenotypic plasticity expressed in either 
vegetative or  generative development is an im por tan t  re­
sponse to selective forces as interspecific competit ion or 
temporal variability.
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